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Wtic composition and m e thod of using the same 
field of the i nvention 




The present invention is directed to the field of 
inhalation anesthetics and particularly to volatile liquid 
inhalation anesthetics which are used to induce and maintain 
anesthes i a . 

i 

BACKGROUND OF T HE INVENTION 

p volatile liquid anesthetics are known in the art and 

include by way of example halothane, t r ichloroethylene and 
ether derivatives including enflurane, fluroxene, 
methoxyf lur ane , and isoflurane. 

The aforementioned inhalation anesthetics overcome 
many of the limitations inherent in earlier agents such as 
chloroform and ether. These anesthetics act rapidly, have 
minimal or no toxicity, and are non-flammable, Despite this 
considerable progress, one limitation continues to be the rate 
at which recovery from anesthesia occurs. Although 1 recovery is 
rapid, it is less rapid than might be desired, especially for 
patients who return home on the day of surgery (outpatient 

surgery) . , 

The compound employed in the composition of the 
present invention, 2- (di f luo r ome thoxy ) -1 , 1 , 1 , 2-tetraf luoro- 
ethane or CHF 2 OCHFCF 3 , is disclosed in Example XXi: of 
Russell et al., U.S. g gatenj ) No. 3,897,502, which is directed 
to processes for making fluorinated ethers to prep'are pastes 
and dispersions of fluorine-containing olefins, waxes to 
provide coatings, and degreasing agents. Furthermore, the 
Russell et al. patent states that some of the poly-fluoro 
containing products which can be made by the methods disclosed 
in the patent are agents for producing anesthesia in 
anesthetic-susceptible, a i r-br eathing - mamma Is . ; 



Applicants have found that the compound of the present 
invention is an effective anesthetic and exhibits unexpectedly- 
rapid induction and recovery. ■ 

It is therefore an object of the invention to provide 

i 

an anesthetic composition which exhibits rapid induction and 
recovery times . 1 

It is a further object of the invention to provide an 
anesthetic composition that is resistant to breakdown, exhibits 
little or no toxicity and is relatively safe to use. 

It is still a further object of the invention to 
provide methods of inducing anesthesia employing an anesthetic 
composition that is fast acting and affords the patient rapid 
recovery from anesthesia. 

Qt U DETAILED DESCRIPTION OF THE INVENTION 

p The present invention is directed to an anesthesia 

inducing composition comprising a mixture of oxygen gas and an 
anesthesia inducing effective amount of a compound 2-(dif luoro- 
methoxy) -1 , 1, 1, 2-tetraf luoroethane having the formula 
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The present invention is also directed to methods of 
inducing and/or maintaining anesthesia by administering the 
composition in sufficient amounts to warm blooded animals. 

The compound of the present invention lends itself to 
effective use as an inhalant anesthetic in respirable mixtures 
containing life-supporting concentrations of oxygen,! with or 
without other inhalation anesthetics, such as nitrou|s oxide. 
Administration of the compound may be by any of the well known 



techniques for administering general inhalation anesthetics, 
for example, by using the open drop or semi-closed systems. 

The effective amount of the compounds of this 
invention to be employed depends on the level of anesthesia to 
which the mammal is to be brought, the rate at which anesthesia 
is to be induced, and the length of time over which anesthesia 
is to be maintained. Minor volume percentages of the compound 
in oxygen can often be employed. The amount used should be 
sufficient to provide a significant anesthetic effect but not 
so much as to produce unacceptable deleterious side effects. 
For instance, about 1 to 8 volume percent of the compound may 
often be used. About 3 to 7 volume percent is preferred. The 
amount of anesthesia to be used can be regulated, starting with 
a small amount of the compound and gradually increasing the 
amount until the desired plane of anesthesia is reached. By 
then monitoring the physical reactions of the mammal, as is the 
usual procedure, the duration and plane of anesthesia can be 
readily controlled. 

The compound 2- (dif luo romethoxy) -1 , 1 , l , 2-tetraf luoro- 

ethane is normally a clear, colorless liquid with a slight 

non-pungent odor. It has the following physical properties: 

boiling point 23.5°C, molecular weight 168, vapor pressure 
1€> 

(est.) 660 mm Hg at 20°C, and specific gravity 1.44. The IR 
shows a prominent peak at 4903 and the X H NMR shows a triplet 
at 6.5 ppm (J=70Hz) and a doublet of quartets at 5.9 ppm 

(J gem =56HZ/ J vic = 3 " 2 ^ * The compound is non-flammable, and 
soda lime stable. 

The compound CHF 2 OCHFCF 3 can be prepared by the 
method described in U.S. t|atent) No . 3, 987,502 which is 
incorporated herein by reference. More specifically, a 





compound having the formula CHF 2 OCH 2 CF 3 is combined with 
freon and reacted with a mixture of 20% fluorine in argon 
followed by distillation. 

In accordance with the present invention, the compound 
may also be prepared by reacting isoflurane (CHF 2 OCHClCF 3 ) 
with a fluorine containing compound such as bromine trifluoride 
or with potassium fluoride. 

Isoflurane used as a starting material for the above 
synthesis may be prepared by the methods disclosed in Terrell 
et al., U.S. < Patent >No . 3,535,388, incorporated herein by 
reference . 

The composition of the present invention includes a 

gaseous mixture of oxygen and the compound CHF^OCHFCF 

2 3" 

L - EXAMPLE 1 

PREPARATION OF CHF 2 OCHFCF 3 
p 12. 9g of isoflurane (FORANE® isoflurane commercially 

available from Anaquest Division of BOC, Inc. in Madison, 
Wisconsin) were combined with 5 . 5g of potassium fluoride and 
20 ml of diethylglycol and the mixture was heated with stirring 

for 10 hours in a glass pressure vessel at 195°C. The heated 
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mixture was washed with ice water and the organic layer was 
subjected to gas chromatography, which showed the presence of 
the compound CHF 2 OCHFCF 3 (29% yield) . 

CL EXAMPLE 2 

f> 171g of isoflurane were combined with 116g of 

potassium fluoride in the absence of solvent and the resulting 
mixture was heated in an autoclave at 28°C at 500 psi for 18 
hours and then allowed to cool. The cooled mixture was 
subjected to gas chromatography which showed the presence of 



68% of the compound CHF 2 OCHFCF 3 and 30% unreacted 
isoflurane. Treatment of this mixture with excess bromine 

trifluoride at 15°C in a glass vessel followed by washing with 

1© 

dilute sodium hydroxide and drying yielded 50g of 98% pure 
product (30% yield) . 



CL~ EXAMPLE 3 

Ct 

p 15. 5g of isoflurane was loaded into a 3-neck flask 

reactor equipped with a thermometer and stir bar. 2 ml of 
BrF„ was added over 2 1/2 hours while maintaining the 
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temperature at about 14-18°C. The reaction product was then 
allowed to stand overnight at ambient temperature. The 
reaction product was treated with 5% sodium hydroxide and the 
resulting organic layer was separated <9.0g) and then subjected 
to gas chromatography to obtain 8 . Og of the compound 
CHF 2 OCHFCF 3 (62% yield). 

^~ ^ EXAMPLE 4 

^~ DETERMINATION OF SOLUBILITY OF CHF 2 OCHFCF 3 

|° Determination of the blood/gas and saline/gas 
partition coefficients of CHF 2 CHFCF 3 was obtained using the 
method of Lerman et al. ("Age and Solubility of Volatile 

Anesthetic in Blood", Anesthesiology 61:139-43, 1984). A 30 ml 
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sample of venous blood was obtained from each of 11 ASA 
physical status I-III patients (4 female and 7 males) ranginq 
in age from 25 to 76 years. Each sample was divided in half. 
Each 15 ml sample of blood or 0.9% saline was placed in a 50 ml 
syringe and equilibrated by tonometry with 20 ml of 1.6-2.6% of 
the compound CHF 2 OCHFCF 3 for 90 min. in a waterbath at 
37°C. The syringes were shaken vigorously every 15 minutes. 
The concentration of the compound in the gas phase over each 
s amp le 



was determined by gas chromatography using a 30 meter long, 
fused silica open tubular capillary (0.53mm internal diameter) 
column coated with a 1.5 micron thick layer of methyls i 1 icone 
oil (j&w Scientifice DB-1) . A nitrogen carrier stream of 6 
ml/min was directed through the column with a "make-up" flow of 
nitrogen of 40 ml/min delivered to the detector. A flame 
ionization detector at 200°C was supplied by hydrogen at 40 
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ml/mm and by air at 280 ml/min. Samples were injected with a 
0.05 ml gas sample loop. 

An aliquot of 10.069 ml of the equilibrated blood or 
saline was transferred anaerobical ly to a 581 ml flask from 
which a portion of the air had been evacuated to produce a 
negative pressure to draw the aliquot of blood or saline into 
the flask. Each flask was placed in a 37°C water bath and 
shaken every 15 minuted for the ensuing 90 minutes. When this 
procedure was completed, the compound concentration in the gas 
phase of the flask was determined by gas chromatography. The 
blood/gas partition coefficient (lambda) was determined using 
the following equation: 

c s (v f /v s ) 



~J~^0?< lambda = 



C f - C s 



f ^ where C s is the concentration of the compound in the gas 
phase in the 30 ml syringe used for tonometry;C f is the 
concentration of the compound in the gas phase of the flask; 
v f is the volume of the flask; and V g is the volume of the 
aliquot of blood or saline. 

Dual determinations of the partition coefficient were 
obtained for each patient. The paired values were averaged for 
each patient and the averaged value assumed to represent the 
partition coefficient for that patient's blood. 

The blood/gas partition coefficient equaled 0 . 424 + 
0.024. The saline/gas partition coefficient averaged 0.225+. 
0.002. 




Determinations of the oil/gas partition coefficient 
for the compound were obtained using the method described by Y. 
Tanifuji, "Some Characteristics of an Exceptionally Potent 
Inhaled Anesthetic: thiomethoxyf lur ane " , Anesth. Analg. 
56:387-390, 1977. Liquid CHF 2 OCHFCF 3 (0.15 ml) was added 
to 100 ml of pure virgin olive oil and thoroughly mixed. 12 ml 
of this mixture was equilibrated by tonometry with 20 ml of air 
for 15 hours in a 50 ml syringe placed in a 37°C waterbath. 
The gas and oil were shaken vigorously once an hour for the 
last four hours of tonometry. The concentration of the 
compound in the gas phase over the olive oil was then 
determined by gas chomatogr aphy . An aliquot (10.069 ml) of the 
equilibrated mixture was placed in a 581 ml flask and the flask 
sealed with a Teflon stopper pierced with a needle to which 
was affixed a one-way stopcock. The flask was placed in a 
waterbath at 3 7^C. The flask was shaken vigorously once an 
hour for six hours. After six hours, the concentration of the 
compound in the gas above the mixture in the flask was 
determined by gas chromatography. The same general equation 
used above to calculate the blood/gas partition coefficient was 
used to calculate the oil/gas partition coefficient. 

The oil/gas partition coefficient was 18.7+ 1.1. 

3^ 

Ct EXAMPLE 5 

<C t=- TEST FOR ANESTHETIC PROPERTIES 

p Eight specific-pathogen-free, 2.5 month-old, male 

Sprague-Dawley rats weighing 381 + 18g were housed individually 
in Plexiglass cylinders (chamber) having an internal diameter 
of 6.25cm and a length of 29cm. This diameter permitted the 
rat to crawl into the chamber, but prevented the rat from 
turning around. 
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The ends of the chamber were sealed with rubber 
stoppers. The stopper at the "head" end of the chamber was 
traversed by three catheters: one for sampling: one for 
injection of the compound CHF 2 OCHFCF 3 ; and one for the 
delivery of oxygen. Oxygen was applied to the chamber at a 
bypass flow through rate of 500-600ml per minute. The head end 
of the chamber also contained a carbon dioxide adsorber, 
charged with 50g to 55g of fresh, commercial (Sodasorb ) soda 
1 ime . 

The stopper at the "tail" end of the chamber was 
traversed by a catheter, a hole for the tail, and a hole 
through which a small rectal temperature probe was passed. The 
catheter was used to flush oxygen through the tube prior to 
initiation of injection of the anesthetic composition and to 
draw off gas when oxygen was introduced to lower the 
concentration of the compound. 

A rectal probe was placed and secured in each of the 
rats. The tail was led out through the hole in the stopper and 
sealed. After placement of the rat in the chamber, a 3-3.4 

/y 

1/mxn. flow of oxygen was directed through the chamber for 15 
minutes. The chamber then was sealed except for the opening at 
the head end of the chamber to the oxygen bypass. 

A gaseous mixture of the composition was produced by 
adding 0.2-0.25 ml of the liquid compound CHF 0 OCHFCF 3 to 



20ml of oxygen in a 100 ml glass syringe sealed with a 
stopcock. This mixture was used to deliver the compound to the 
chamber. Anesthesia was rapidly induced by injection of a 
total of 50-75ml of this mixture. 

Injection of the mixture of the compound and oxygen 
rapidly produced anesthesia. In general, the recovery was 
comparatively rapid. Each animal began to move within one to 
two minutes following evacuation of the chamber. All survived 



and appears to be well 24 hours after anesthesia. j 

While there has been described what are at present 
considered to be preferred embodiments of the invention, it 
will be understood that various modifications may be made 
therein which are within the true spirit and scope of the 
invention. 



-9f W 

i 



